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ABSTRACT
Hamstring/Quadriceps Strength Ratios: An 
Analysis and a Strength Training Study
by
Heather Jessiea Lee
Dr. Bill Holcomb, Examination Committee Chair 
Associate Professor o f  Kinesiology 
University o f  Nevada, Las Vegas
This study was performed to examine the hamstring:quadriceps (H:Q) ratios o f 
female soccer athletes, and to test the effects o f a six week strength training program on 
these ratios. Twelve NCAA Division 1 female soccer athletes volunteered for this study. 
Subjects completed two practice sessions, a pretest, six weeks o f  strength training, and a 
posttest. The isokinetic pre and posttesting was performed on a KIN-COM® 
dynamometer, with the trials in a set order (concentric 240, 180, 60°/s and eccentric 60, 
180, 240°/s.) Gravity correction was used on all trials. The H;Q strength ratio was 
examined conventionally (concentric hamstrings:concentric quadriceps) and functionally 
(eeeentrie hamstrings : concentric quadriceps). Both conventional and functional ratios 
showed significant differences in the non-dominant and dominant legs, and angular 
velocities (60, 180, 240°/s.) Functionally, there was a significant difference in the pre to 
posttest strength ratios. Conventionally, there was no significant difference in the pre to 
posttest strength ratios. These findings show that the six week strength training program 
elicited significant functional improvements in the H:Q strength ratio.
Ill
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CHAPTER 1
INTRODUCTION 
Statement o f  the Problem
Two devastating injuries that athletes suffer are anterior cruciate ligament (ACL) 
tears and hamstring strains, both o f which can hinder athletes for periods o f over a year. 
Current research is searching for ways to prevent these injuries from occurring, and has 
identified several common predisposing factors. Some o f  these are gender differences, 
bilateral strength discrepancies, and an unbalanced hamstring to quadriceps (H:Q) 
strength r a t io . io . i  m 3.19,23,27.29,31 ,M,36 y  q  strength ratio that is the focus o f this
study.
The H:Q strength ratio is associated with ACL tears because o f  the hamstring to 
quadriceps antagonist/agonist relationship. With assistance from the hamstrings, the 
ACL stahilizes the knee, by preventing anterior translation o f the tibia on the 
femur. ' ’’' T h i s  anterior translation can occur during awkward landings, and sudden 
changes in d i r e c t i o n . W h e n  the quadriceps are stronger than the hamstrings, the 
ACL can experience excessive anterior translation, and experience high shear forces. If  
the hamstrings are significantly weaker, the result is tearing o f the ACL fibers.
The H:Q strength ratio relates to hamstring strains because o f their relationship 
with the quadriceps. The hamstrings functions are to flex the knee, extend the hip, rotate 
the tibia internally and externally, and prevent knee hyperextension. When required to
1
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perform these functions at high speeds such as sprinting, the hamstrings can fail to 
provide suffieient force in eonjunetbn with the quadriceps muscle demands. There needs 
to be a strength balance between these two opposing muscle groups.
To improve the H:Q ratio, an athlete must strengthen both the quadriceps and the 
hamstrings, but focus to a greater extent on the hamstrings. Traditional lower body 
strengthening programs require a series o f  squats, lunges, step-ups, leg curls, and calf 
raises. Power lifts such as the hang clean and the jerk  are also typically included. The 
squatting motion during squats and power lifts does require hamstring activity, hut to a 
considerable lower extent than quadriceps activity. The leg curl is the only exercise 
that focuses on the hamstrings. With so many exercises requiring work from mainly the 
quadriceps, it is not surprising that the H:Q ratio becomes unbalanced.
This study focused on the H:Q ratio in females only. Females were selected 
because previous studies have reported females are predisposed to ACL tears more than 
males.'^"* Che Tin Le et a f  listed this as a 1.5:1 ratio for female versus males. Hewett et 
al' ̂  stated that female athletes demonstrate a four to sixfold increased occurrence o f knee 
injury than do male athletes participating in the same sports. Hewett et al"’ also 
examined the National Collegiate Athletic Association injury surveys from 1990-1993, 
and reported from those statistics that more than 2200 ACL ruptures were expected to 
occur in female collegiate athletes each year."’
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Purpose o f  the Study 
The purpose o f this study was to assess the H:Q ratio in female collegiate soccer 
athletes, and to test the effectiveness o f  a hamstring specific training program. It was 
hypothesized that this training program would result in an improved agonist/antagonist 
relationship. Goals were to achieve a conventional H:Q strength ratio o f  0.70 or higher, 
and a functional ratio o f 1.00 or higher. These goals came from reported values in 
previous studies, '̂ ’’'^72,39 from recommendations by Orchard et aP*' who reported 
that a conventional value o f 0.61 or higher is needed to prevent hamstring strains, and 
from Che Tin Li et a t  who stated a that a functional value o f 1.00 is beneficial in 
minimizing anterior tibial translation in ACL deficient knees.
Statement o f Hypothesis 
Null -  There is no difference between H:Q ratios pre and post-tests after six
weeks o f strength training.
Alternate -  There is a significant difference in H:Q ratios between pre and post-tests
after six weeks o f strength training.
Limitations o f  the Study
1. The subject population is within a limited range, female NCAA Division 1 soccer 
athletes, age = 20 + 0.8 yr.
2. Due to subject availability, only a six-week strength training period was possible. 
A longer time period may be necessary to see significant strength changes.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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3. The KIN-COM® 125E Plus isokinetic dynamometer had a maximum angular 
velocity o f  250°/s. Velocities o f  up to 450°/s have heen tested. Our maximum 
angular velocity was set at 240°/s, in accordance with previous studies.
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CHAPTER 2
REVIEW OF LITERATURE 
Anatomy o f the Hamstrings and Ouadriceps Muscles 
The hamstrings consist o f three muscles, the biceps femoris (BE), the 
semimembranosus (SM), and the semitendinosus (ST). The BF has a long and a short 
head. With the exception o f  the short head o f the BF, all three muscles originate as one 
mass on the ischial tuberosity. The muscles remain one, until approximately 5 to 10 cm 
from the ischial tuherosity.'"
The SM splits o ff first, and extends distally into multiple insertions. These 
insertions are at the posteriomedial comer o f the knee. The BF splits approximately 6 cm 
distal to the tuberosity. Here, the switch from tendon to muscle fibers is seen. The short 
head o f the BF inserts just medial to the linea aspera, onto the distal femur. The long 
head inserts both onto the proximal head o f  the fihula, and onto the lateral condyle o f  the 
tibia. The third member o f  the hamstring group, the ST, shares an insertion with two 
other muscles. This shared insertion is called the pes anserinus attachmert, and is located 
on the proximal medial tihial metaphysis. The other two muscles at this insertion are the 
sartorius and gracilis. The pes anserinus also overlays the distal insertion o f the medial 
collateral ligament o f the knee.""
The hamstrings have different functions in the various stages o f  gait. The stance 
phase includes both the heel strike and the toe off. In this phase, the heel makes contact
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
with the ground, weight is transferred from the heel to the metatarsals, the heel lifts off 
the ground, and the calves provide foree to “push-off ’ the floor."''’ During this phase, the 
hamstrings assist the gastrocnemius and soleus to stabilize and extend the knee, and 
provide propulsion. In the swing phase, the hip, knee, and ankle flexors shorten the 
limh to clear the floor. The hip flexors accelerate the limb forward, and then the hip 
extensors and knee flexors decelerate the swing limb to prepare for heel strike."''’ Initially, 
the hamstrings flex the knee in this phase, and then decelerate the leg as the heel nears the 
ground.
The quadriceps musculature consists o f four muscles. These are the rectus 
femoris, the vastus lateralis, the vastus medialis, and the vastus intermedius. Their 
functions are to extend the knee and flex the hip. All four muscles have a common 
insertion on the tihial tuberorsity via the patellar tendon. The patella itself is suspended 
within this tendon.
Their origins, however, are separate. The rectus femoris originates from the 
anterior inferior iliac spine. The vastus lateralis originates at the hip joint capsule, 
intertrochanteric line, greater trochanter, gluteal tuberosity, linea aspera, and the lateral 
intermuscular septum. The vastus medialis originates on the lower half o f  the 
intertrochanteric line, linea aspera medial supracondylar line, medial intermuscular 
septum, and the tendon o f the adductor magnus. The vastus intermedius originates on the 
upper two-thirds o f the anterior and lateral surface o f  the femur, lower half o f  linea 
aspera, upper paid o f  lateral supracondylar line, and the lateral intermuscular septum.""
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Anterior Cruciate Ligament Injury 
The ACL is a band o f  tissue that extends from the anteriomedial tihial plateau, 
through the femoral notch, to the posteriolateral femoral condyle (Figure 1 ). The 
function o f  the ACL is to prevent anterior translation o f  the tibia on the femur. The ACL 
also stabilizes the knee as it flexes and rotates.^
Injuries to this stmcture usually occur when an athlete either suddenly pivots, or 
lands awkwardly and hyperextends his or her knee. Often a “pop” is felt or heard, and 
swelling occurs within a few hours. This swelling is from the damage to the blood 
vessels that are located within the ACL ligament. ^
Sports with the highest incidence o f  ACL injuries are basketball, football, soccer, 
and volleyball. Although most o f these are contact sports, Moore et af^ states that 78% 
o f these injures occur in non-contact situations.
. P oste rio r 
%Cruck:teA nterio r C ru c ia te
M ed io l C o llo tero l
Figure 1. ACL anatomy with a flexec knee 30
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Pettitt et a f f u r th e r  explains a mechanism o f ACL injury as occurring when the 
athlete is in a position referred to as the point o f  no return. The point o f  no return is where 
neuromuscular control is lost due to an inability o f the hip abductors and lateral rotators 
to control a valgus moment Pettitt et related the point o f  no return to the Q-angle 
o f the knee. The Q-angle is formed by drawing a line from the anterior superior iliac 
spine to the midpoint o f  the patella, and a line from the tibial tuberosity through the 
midpoint o f the patella. This angle represents the position o f the knee in relation to the 
hips. Athletes whose angles are greater than 15° generally have leg postures with greater 
genu valgum and excessive external tihial rotation. These athletes with excessive Q- 
angles are more likely to find themselves in this position o f no retum. '̂ "*
When athletes are in a weight-bearing position, Pettitt states that the greater Q- 
angle predisposes them to being unable to control further valgus movement.^"* As they 
step and twist the knee, the knee flexors and abductors fail to stop this excessive valgus 
motion. Abnormal translation o f  the tibia beneath the femur occurs, and an injury to the 
ACL, medial collateral ligament (MCL), and meniscus can result. This is known as the 
unhappy triad. Increasing hamstring activation can minimize the anterior tihial 
translation.^^
Several other researchers support the concept that increased hamstring 
contribution to the H:Q strength ratio can assist in the prevention o f ACL tears.'" '̂ '̂ '*''*̂  
Che Tin Li et a t  found that increasing the functional H:Q ratio to as close to 100% 
resulted in an increased functional ability o f ACL deficient knees. Wojtys et a f  ̂  studied 
how well athletes could contract their knee muscles, and suggested that strengthening 
protective knee muscles could be a way to decrease ACL knee injuries. Hewitt et al'̂ ’̂
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
reported how a training program o f plyometrics, stretching, and strength training, 
decreased injury rates in female athletes. Increases were seen in hamstring muscle power 
and strength, increased H:Q peak torque ratios, and decreased side-to-side hamstring 
muscle strength imbalances.
A number o f athletics programs are recognizing the H:Q relationship, and using it 
as one o f the ways to screen athletes for potential knee i n j u r i e s . S t e v e  Smith, 
Assistant Athletic Trainer, at Mississippi State University, in Starkville, MS, reported 
assessing selected positions o f the football team isokinetically for H:Q muscle 
im b a la n c e s .T h o se  athletes found to have improper strength ratios were then placed on 
an individualized strength program that combined isotonic and isokinetic training.
Results o f this program had not been published at this time.
Tina Bonci, Assistant Athletics Director, and Lisa Stalans, Assistant Athletic 
Trainer, at the University o f Texas, in Austin, TX, developed a eomprehensive knee 
injury sereening protocol. This protocol included a history o f knee injuries, an 
orthopaedie evaluation, funetional testing, and an isokinetic strength evaluation. Athletes 
who did not meet the standards o f  this protocol did not participate in athletics until such 
requirements were met. These athletes were also placed on individualized strength 
programs. The University o f Texas, Austin, injury rates prior to starting this program 
were not discussed, however, since incorporating this protocol Stalans reported that their 
women’s soccer team had suffered only one ACL tear in three years.^^ This ACL injury 
rate is phenomenal when eompared to other female soccer teams that endure 1 or more 
ACL injuries every season.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Hamstring Injuries
Hamstring strains are caused by a variety o f  factors. Two common factors are 
agonist/antagonist strength imbalances and a lack o f flexibility. These injuries occur 
during fast and powerful movements, or during slow and passive movements. Askling"* 
documented two o f these cases, and reported that muscle tears often occur at the 
musculotendinous junction (MTJ). One case was an elite sprinter who experienced a 
sharp pain in his right hamstring approximately 60 m into his 100 m dash. A strain to his 
semitendinosus (ST) tendon was diagnosed. It took him 18 weeks to return to full 
activity. The other case was a daneer who felt a sharp pain in her right hamstring while 
stretching at home. Her diagnosis was a strain to her semimembranosus (SM) tendon.
Her rehabilitation program took 12 weeks, but she was still experiencing stiffness and 
fatigue one year later. Both o f these injuries occurred at the MTJ. The sprinter’s tear 
was near the distal MTJ, while the dancer’s tear was near the proximal MTJ.
When researchers discuss the strength imbalances, they describe both the H:Q 
strength ratio, and the balance between the right and left hamstrings. Clantorf suggests 
that a conventional H:Q strength ratio o f  at least 50% to 65% is recommended to 
decrease the chances o f  injuring the hamstrings, and for balanee between the right and 
left hamstrings, no more than 10% difference should be allowed, but that this was far 
from conclusive.
Measuring for strength imbalances can prevent hamstring strains. Orchard et aF ' 
conducted a study that took preseason measurements o f  the H:Q ratio o f 37 pre-season 
Australian football players. These players were then studied prospectively during the 
season. Six, which had produced H:Q ratios below 0.61, sustained hamstring strains.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Conventional Versus Functional Ratios 
In this study, the H:Q ratio was studied with both conventional and funetional 
ratios. The conventional ratio compares concentric quadriceps muscle actions to 
concentric hamstring muscle aetions. The functional ratio compares the concentric 
quadriceps muscle actions to eccentric hamstring muscle actions, or concentric hamstring 
muscle actions to eccentric quadriceps musele aetions. Only the functional values o f 
eccentric hamstring contractions verses concentric quadriceps contractions were taken, 
due to the nature o f  hamstring strains oecurring mostly during the eccentric phase.
A specific healthy H:Q conventional ratio has not yet been identified, although 
several have been suggested. Kannus^^ published that normal conventional H:Q ratios 
vary from 31% to 80%. And, that the recommended optimum conventional ratio is 
between 50% and 80%. Dunnam' ' conducted a study that evaluated collegiate volleyball 
players, and set a healthy conventional ratio at 60%. A healthy H:Q functional ratio is 
reported to be 1:1, or 100% .'’̂ ’̂
The importance o f the functional testing, was demonstrated in a recent study by 
Croisier et al.’° In this study, strength discrepancies were identified in twenty-six athletes. 
Average peak torque values measured in the eccentric mode doubled when compared 
with the concentric results. Croisier suggests concentric only comparisons risk 
misrepresentation.'*^ As muscle strains often occur during eccentric actions, isokinetic 
testing needs to be performed in a manner that reflects this biomechanical movement.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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History o f Isokinetic Testing
James Perrin developed the concept isokinetic exercise, and Hislop & Perrin were 
the first to publish this technique in 1967.^^ Moffroid et al showed this technique to be 
reliable, valid and safe to measure muscle strength. Today, there are several brands o f 
isokinetic dynamometers available. Some o f these are Biodex, Cybex, Kin-Com,
Kintrex, Loriden, and REV 9000. The KIN-COM/** 125E Plus isokinetic dynamometer, 
made by the Chattecx Corporation, is the equipment being used for this study’s subject 
testing. This type o f dynamometer was seleeted due to availability, and due to previous 
published studies that reflect the reliability and accuracy o f this equipm ent.'’'"'
Protocol Selection
Several strength testing protocols have been used in previous studies. These 
protocols differ in angular velocities, contraction types, work repetitions, and rest 
periods.
To determine which angular velocities to measure, over twenty different studies 
were examined. The goal was to investigate three velocities that would be appropriate 
for the athletes that were being tested. Clanton et a f  reported a normal gait cycle has an 
average leg veloeity o f 233°/s, and suggested that isokinetic testing should be performed 
at functional speeds o f 200 to 300°/s.^ In general, velocities ranging from 30 to 450°/s 
have been tested. For this study, angular velocities o f 60, 180, and 240°/s were selected. 
These specific velocities were selected because o f similar protocols in previous studies, 
and because these three velocities would produce peak torque values that represent slow
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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actions such as weight lifting, intermediate actions such as walking, and fast actions such 
as running and quick direction changes. ' i o, 13, M,i 7,18.24,35
Previous studies have used three to fifteen repetitions to obtain peak torque or 
endurance m e a s u r e m e n t s . '1,13.M,t7 ,24,28,29,32,35,36 investigators chose to use the
same number o f repetitions with all speeds, and some increased their number o f 
repetitions in direct proportion to the increased velocities. Eight repetitions were selected 
for this study, and will remain the same for the three velocities o f  60, 180, and 240°/s. 
Aagaard^ suggested six to seven trials are typically required to obtain peak torque for 
each isokinetic speed. Subjects had the eighth additional trial to produce any further 
results.
Previous studies have used a multitude o f  rest periods between sets. Parcell et a f  ' 
tested for the minimum rest period needed for strength recovery in an isokinetic testing 
protocol. Rest periods examined were 15, 60, 180, and 300 seconds. Results showed that 
60 seeonds o f rest was sufficient for recovery before the next set.^^ For this study, a rest 
period o f 90 seconds was selected due to it being an adequate recovery period, and to 
allow for any additional tester adjustments.
Gravity Correction
Gravity correction is taking into account how much gravity adds to the weight o f 
the lever arm and to the acceleration o f the limb.^^ During knee extension, the quadriceps 
are required to not only extend the knee, but also lift the attached lever arm. During knee 
flexion, the hamstrings flex the knee, but also have the assistance o f gravity on both the 
limb and the attached lever arm. When this factor is not accounted for, the quadriceps
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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force may be underpredicted by 4% to 43%, and the hamstrings may be overpredicted by 
15% - 510% /^ This would result in an overestimation o f the H:Q strength ratio.
Aagaard et a f  examined the H:Q ratio and the effect o f  gravity correction on 
conventional verses functional ratios. Aagaard cites two opposing findings in prior H:Q 
ratio studies. One difference is that the H:Q ratio increases or decreases with increased 
joint angular velocity. The other difference is that the H:Q ratio has been found to be 
lower or higher eccentrically than concentrically. The differences in these findings may 
be due to whether or not gravity correction was used. Aagaard’s study itself found that 
gravity correction had a high influence on the change in H:Q ratios with variation in 
extension velocity. He concluded with a resounding recommendation to use gravity 
correction when determining the H:Q ratio. For this study, gravity correction was used 
on all trials.
It was expected that subjects would produce greater peak torques in their eccentric 
trials than in their concentric trials. This was in accordance to the force-velocity curve 
(Figure 2). The foree-veloeity curve depicts the relationship between foree and veloeity 
during various eeeentrie, concentric, and isometric muscle aetions. Velocities o f 
concentric muscle actions produce less foree than isometrics and eccentric muscle 
actions. The eccentric actions produce greater force, however, they do not demand more 
energy. This is because o f the resilient qualities o f muscle fibers, called the series elastic 
component (SEC). Eeeentrie musele aetions are a combination o f muscle contractions 
plus assistance from the SEC.
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Figure 2. The foree-veloeity eurve.
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CHAPTER 3
METHODOLOGY
Participants
Twelve female soccer players (age = 20 + 0.8 yr, ht = 168 + 8.6 cm, wt = 61 + 7.7 
kg) from a NCAA Division I college, volunteered for this study. Subjects were free o f 
previous significant knee injuries and had no history o f ACL repairs or rehabilitation. 
Subjects had not regularly strength trained for approximately nine months. Subjects were 
educated on the purpose and requirements o f the study and signed informed consents. 
Procedures were approved by the Office for the Protection o f Research Subjects at the 
University o f Nevada, Las Vegas.
Participant Preparation 
Subjects attended two sessions before testing to become familiarized with the 
equipment and procedures. During each test session, subjects performed the same 
number o f  sets and repetitions on the dynamometer as during the actual testing. One day 
o f rest was mandatory between practice sessions to ensure for adequate muscular 
recovery time.
16
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Data Collection
Subjects distinguished their dominant leg from their non-dominant leg by their 
preferred striking leg in soccer. 11 subjects were right side dominant, and 1 subject was 
left side dominant. The H/Q ratio in both legs for each subject was measured using a 
KIN-COM® isokinetic dynamometer. Before testing, a five minute warm-up on an 
elliptical trainer was performed followed by a five minute lower body stretching routine. 
Subjects were seated 10° reclined and firmly strapped at the hip and thigh. Their arms 
were folded across their chest to avoid additional assistance provided by holding onto the 
sides o f  the seat. The dynamometer lever axis o f rotation was visually aligned to the 
lateral femoral condyle. The lower leg was strapped to the dynamometer lever arm 
approximately two finger widths above the medial malleolus. Maximal hamstring and 
quadriceps muscle strengths were obtained by measuring maximal force moments (peak 
torque) during isokinetic knee flexion and extension through a 10 -  90° range o f 
movement (0° = knee fully extended). Both the conventional and functional methods o f 
obtaining H:Q ratios were calculated. The conventional H:Q ratio was determined by 
dividing the maximal concentric hamstring strength by maximal concentric quadriceps 
strength The functional method was determined by dividing the maximal eccentric 
hamstring strength by maximal concentric quadriceps strength Isokinetic measurements 
were taken at 60, 180, and 240°/s in the following order: concentric 240, 180, 60°/s, and 
eccentric 60, 180, and 240°/s. Eight repetitions were conducted at each isokinetic speed. 
On average, maximal peak torque was produced for both pre and post tests between 
repetitions three and four. A 90 second rest period was given between each trial.
Verbal encouragement was given during the trials. Visual feedback during testing was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
18
prevented by eovering the eomputer monitor. During the week following eommeneement 
o f the strength training sessions, subjects were post tested in an identical fashion to the 
pre test.
Strength Training 
Strength training consisted o f  four workouts each week for six weeks.
The typical schedule was:
Workouts 1 & 3: Speed, Agility, Quickness and Upper Body Weights 
Workouts 2 & 4: Lower Body Weights and Endurance Conditioning 
Emphasis was placed on the hamstring strengthening by incorporating 1-2 
hamstring exercises daily. Examples o f two daily workouts are shown in Appendix 111. 
Exercises that were performed were: single leg leg curls, straight leg dead lifts, good 
mornings, hyperextensions with one or both legs beneath the support bars, resisted sled 
walking, and fit ball leg curls (Appendix III). The fit ball leg curls were performed two 
ways. For the first method, the athlete would lay supine with their lower legs on the ball. 
They would extend the hips, and curl the ball towards them by flexing their legs. The 
second method was called the “triple threat.” Again, the athlete would lay supine with 
their lower legs on the ball. Tben they would perform 8-10 hip extensions by pushing 
their hips upwards. They would then do 8-10 leg curls as in the first method. Last, they 
would keep the knees flexed, and perform 8-10 hip extensions.
The speed, agility, and quickness training was conducted by the strength and 
conditioning staff. These training sessions were kept to no more than two per week. A 
multimde o f activities were included in these sessions. The athletes did resistance
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running, agility patterns, box jumps, ladders, mini hurdles, partner reaction drills, 
medicine ball exercises and over speed running. The endurance conditioning included a 
variety o f  interval sprinting.
Statistical Design
The study was a 2 [Test (Pre, Post)] x 2 [Leg (Dominant, Non-Dominant)] x 3 
[Isokinetic Speed (60°/sec, 180°/see, 240°/sec)] within subjects design. The dependent 
measures o f interest were the H:Q strength ratio. Data were analyzed separately for the 
conventional and functional ratios. The H:Q strength ratios were analyzed using analysis 
o f variance (ANOVA) with repeated measures on all factors. Main effects were 
examined between all factors. An alpha level o f 0.05 was selected as the level o f 
significance. SPSS for Windows, Release 11.0. was used for the analysis.
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CHAPTER 4 
RESULTS
A comparison o f the functional ratios (eccentric hamstrings : concentric 
quadriceps) pre and post tests following training revealed ratios increased 12%, from 0.96 
± 0.09 to 1.08 ± 0.11 (Fi,i I = 4.917, p = 0.049), as seen in table 1. The conventional ratio 
(concentric hamstrings : concentric quadriceps) increased 8%, from 0.82 ± 0.05 to 0.88 ± 
0.04, but was not a significant increase ( F ] j , = 2.909, p = 0.116) between pre and post 
tests (Table 2).
Table 1. Functional H;Q ratio (Mean ± SE) for both lower extremities tested at three 
speeds.
Isokinetic Speed Percent
(d/s) PRE POST Change Change
Non-Dominant 60 0.72 ±  0.04 0.86 ±0.05 0.14 20%
180 1.15 ± 0 .0 9 1 .26±0.11 0.11 9%
240 1.20 ± 0 .0 9 1.44 ± 0 .1 4 &24 20%
Dominant 60 0.66 ± 0.05 0.72 ± 0.06 0.06 9%
180 0.96 ± 0.05 1.01 ± 0 .06 0.05 5%
240 1.09 ± 0 .0 6 1 .18± 0 .08 &09 8%
Mean 0.96 ± 0 .0 9 1 .08±0.11 0.11* 12%
* Indicates a significant increase from pre to post-test, (p = 0.49)
20
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Table 2. Conventional H;Q ratio (M e a n t SE) for both lower extremities tested at three
Isokinetic Speed 
(d/s) PRE POST Change
Percent
Change
Non-Dominant 60 0.87 ±  0.04 0.84 ± 0.04 -0.03 -3%
180 0.88 ±  0.05 0.96 ± 0.06 0.09 10%
240 0.96 ±  0.06 1.01 ± 0 .07 0.06 6%
Dominant 60 0.64 ±  0.03 0.76 ±  0.06 0T2 19%
180 0.73 ± 0 .05 0.82 ± 0.05 0.08 11%
240 0.85 ±  0.05 0.88 ±0.05 0.03 4%
Mean 0.82 ±  0.05 0.88 ± 0.04 0.06 8%
The hamstrings and quadriceps muscle group’s peak torque increased from pre to 
post test with differing magnitudes. Concentrically, hamstrings and quadriceps 
increased pre to post test approximately 17% and 7%, respectively (Table 3), while 
eccentrically, hamstrings and quadriceps increased approximately 20% and 8%, 
respectively (Table 4).
Table 3. Peak isokinetic concentric strength (Nm, Mean ± SE) for the hamstring and 
quadriceps muscle groups.
Limb
Tested
Isokinetic 
Speed (d/s) Muscle Group Tested
Hamstring Quadriceps
PRE POST
%
Change PRE POST Change
Non-
Dominant 60 159 ± 8 .57 164 ±13 .26 3% 185 ± 8 .1 0 195 ± 11.49 5%
180 131 ± 8 .77 160 ± 10.99 22% 149 ± 5 .0 8 1 6 6± 7 .18 12%
240 139 ± 11.06 150 ± 11.54 7% 145 + 5.51 148 + 5.52 2%
Dominant 60 109 + 6.28 148±  17.18 35% 177 ± 14.08 193 + 13.87 9%
180 115± 9 .17 140 ±10 .77 22% 159 ± 10.25 173 ± 12 .06 9%
240 123 ± 8 .0 2 139 ±11.51 13% 147 ±8.31 158 ± 9 .3 3 7%
Mean 129 ± 7 .3 9 150± 4 .12 17% 160 + 6.92 172 ± 7 .7 7 7%
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Table 4. Peak isokinetic eccentric strength (Nm, Mean ± SE) for the hamstring and 
quadriceps musele groups.____________________________________________________
Limb
Tested
Isokinetie 
Speed (d/s) Muscle Group Tested
Hamstring Quadriceps
PRE POST
%
Change PRE POST
%
Change
Non-
Dominant 60 133 ± 9 .8 2 168±13^W 26% 152 ± 18.30 161 ± 12.52 6%
180 169 ± 11 .59 206 ± 16.26 21% 212 ± 21 .62  217 ± 18.75 2%
240 172 ± 10.94 209 ± 18.07 21% 214 ± 24 .32  230 ± 14.53 8%
Dominant 60 115 ± 9 .72 138 ± 11 .84 20% 163 ± 19.18 185 ± 19.78 13%
180 152 ± 12.13 175 ± 14.30 15% 215 ±23.21 234 ± 20 .27 9%
240 160 ± 12 .96 183 ± 14.13 15% 238 ± 25.89 255 ±  20.27 7%
Mean 150± 9 .12 180 ± 10 .80 20% 199± 13.79 2 1 4 ±  14.15 8%
Comparison between dominant and non-dominant legs revealed significant 
differences w ith conventional ( F i j i  = 16.081, p = 0.002) and functional ( F i j i  = 8.710, p 
= 0.013) values. The non-dominant leg had higher pre and post means o f 0.96 ± 0.07 and 
1.06 ± 0 .10 , respectively, while the dominant leg had lower pre and post means o f  0.82 ± 
0.07 and 0.90 ± 0.07, respectively.
Comparison between angular velocities revealed significant differences 
(240>180>60°/s) (p<0.05) both conventionally (p2,22 = 10.483, p = 0.001) and 
functionally (F2,22 = 49.980, p >0.001), as seen in figures 3-6.
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Figure 3. Functional non-dominant FI:Q ratios (Mean ± SE) between the
three angular velocities with post test > pre test (p<0.05) and 240>180>60 (p<0.05).
1,4 -I
1,2  -
1 -
o>
I
o
j s  0 ,6  -
0,4 -
0,2  -
a  PRE 
B POST
60 d/s 180 d/s 
Angular Velocity
240 d/s
Figure 4. Functional dominant F1:Q ratios (Mean ± SE) between tbe
three angular velocities with post test > pre test (p<0.05) and 240>180>60 (p<0.05).
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CHAPTER 5 
DISCUSSION
The purpose o f  this study was to assess the H:Q ratio in female eollegiate soccer 
athletes, and to test the effects o f a six week strength training program on this ratio. An 
important finding o f  this study was that the functional ratios significantly increased from 
pre to post test. This supported the hypothesis that there would be a significant 
difference in H:Q ratios between pre and post tests after six weeks o f strength training. 
With all the trials combined, the functional ratio showed a significant difference pre to • 
post-test, 0.96 ± 0.09 and 1.08 ± 0.11, respectively. A goal o f strength training was to 
achieve a functional ratio o f 100%.^ W ith the means collapsed across speed the ratio was 
108% therefore, the goal was aehieved. The conventional method showed no significant 
difference pre to post-test, 0.82 ± 0.05 and 0.88 ± 0.04, respectively.
The H:Q ratio was examined using both the conventional and functional methods 
to provide a more detailed representation o f  the muscular strength properties at the knee 
joint than that presented by the eonventional H:Q ratio alone. In comparing the 
conventional and functional methods, the agonist/antagonist relationship o f the 
hamstrings and quadrieeps was examined. Conventionally, this relationship is compared 
with coneentric hamstrings and concentric quadriceps. However, physiologically, 
opposing muscle groups do not aet at the same time. Gait patterns o f any speed involve 
the interaction between concentric and eccentric activity. ' It is the synchronous
25
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relationship o f  concentric and eccentric actions that provides fluid movements. The 
functional method examines this synchronous relationship by comparing either the 
eccentric hamstrings to the concentric quadriceps, or the concentric hamstrings to the 
eccentric q u a d r i c e p s . ' I t  would seem practical to evaluate physiological imbalances in 
a manner that correlates to their function.
The change in the functional ratio between pre versus post test and not the 
conventional ratio was likely due to the type o f training. In addition to the conventional 
exercises o f legs curls, straight leg dead lifts, good mornings, and hyperextensions, the 
subjects performed functional exercises o f resisted sled walking, drills for speed, agility, 
and quickness, soeeer drills, and soccer scrimmaging. The training was eonsidered more 
on a functional level; therefore, the functional ratio was affected to a greater degree.
Before pre-testing, it was expected that the H:Q strength ratio would be low due 
to the nature o f  their sport, soccer. The quadriceps were thought to be developed more 
due to the running and kicking. However, the pre test H:Q strength ratios were higher 
than expected. Conventionally, the only ratio that tested below 0.70 was 0.64 ± 0.03 at 
60°/s in the dominant leg. Functionally, ratios that  tested below 1.00 were 0.72 ± 0.04 at 
60°/s in the non-dominant leg, and 0.66 ± 0.05 at 60°/s and 0.96 ± 0.05 at 180°/s in the 
dominant leg. The low pre test ratios at the slow speeds can be attributed to the limited 
resistance training. Resistanee training is performed eloser to the 60 and 180°/s speeds, 
and these subjects had not regularly resistance trained for approximately eight months.
In the six weeks o f  resistanee training, the quadriceps and hamstrings peak torque 
increased at different rates. The quadriceps peak torque increased 9% concentrically, and 
8% eccentrically. The hamstrings peak torque increased 17% coneentrically, and 20%
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eccentrically. These percentages show that the H:Q strength ratio improved from pre to 
post-test, because the hamstrings increased in strength more than the quadriceps. This 
was likely due to the emphasis in hamstring strengthening in the training program.
Both the conventional and functional methods o f the H:Q strength ratio were 
found with significant differences in the factor speed. Faster angular velocities produced 
significantly higher H:Q strength ratios, which supports findings o f previous studies.
W ith dominant and non-dominant legs collapsed, tests at angular velocities o f  60, 180, 
and 240°/s produced conventional F1:Q ratios (M e a n t SE) o f 0.80 ± 0.04, 0.89 ± 0.04, 
and 0.95 ± 0.05, respectively, and functional H:Q ratios (Mean ± SE) o f  0.79 ± 0.04, 1.14 
± 0.07, and 1.31 ± 0.08, respectively. Colliander et a f  compared male and female H:Q 
strength ratio with concentric : concentric values and eeeentric: eccentric values. The 
subjects were tested at angular velocities o f 0.52, 1.57, and 2.61 rad ? s (30, 90, 150°/s). 
The females produced coneentric FI:Q ratios o f  0.59, 0.61, and 0.70, and eeeentric FI:Q 
ratios o f 0.48, 0.48, and 0.53, respectively. The males followed a similar pattern.
Kannus^^ stated that in isometric and slower speed isokinetic tests, H:Q ratios were about 
50%, while at faster speeds, ratios increased to 100% or more. Rosene et a F ’ compared 
several sports, including soccer, at velocities o f  60, 120, and 180°/s, and reported 
conventional H:Q ratios for women at 50.3%, 56.1%, and 58.9%, respectively. The 
findings o f the present study partially conflict with Aagard et a l ', who tested hamstring 
and quadriceps moment o f  force at velocities o f  30 and 240°/s, and found that at higher 
speeds concentrically, the H:Q ratio increased, and that eccentrically, the H:Q ratio 
decreased.
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Explanations have been offered for why the H:Q ratio fluetuates with different 
angular velocities. Colliander et a f  found that quadrieeps eoncentric and eeeentric peak 
torque values deereased at a greater rate than hamstrings concentric and eccentric peak 
torque values with increased velocities. This sharper decline o f quadriceps values versus 
hamstring values resulted in increased H:Q ratios. Aagard et al' suggests that the 
funetional E1:Q ratios o f  0.96 and higher at increased velocities depict that the hamstring 
muscles possess strength that is equal in magnitude to maximal quadriceps knee 
extension. Che Tin Li et a f  found increased activity level ratings with H:Q ratios at 180 
versus 60°/s. Hole et al'^ stated that the increased H:Q ratio may indicate a joint 
stabilizing effect by the hamstrings during increased velocities. However, Orehard^^ and 
Jonhagen'^ suggest that lower H:Q ratios at slower speeds are better indicators o f 
hamstring muscle strain injury. The same may be true for ACL injuries, as the 
mechanism o f injury during an ACL tear usually occurs when the body pivots or 
awkwardly lands from a jum p."'’̂ "' An increased H:Q ratio may better prepare the 
hamstrings to counteract the anterior tibial shear that results in tearing o f the ACL
Both conventional and functional H:Q strength ratios revealed significant 
differences in the dominant and non-dominant legs. From pre to post test, the non­
dominant leg increased 10%, from 0.96 ± 0.07 to 1.06 ± 0.10, and the dominant leg
increased 9%, from 0.82 ± 0.07 to 0.90 ± 0.07. Because there was no test by leg 
interaction, training had no effect on the difference between the dominant and non­
dominant legs. There was no focus on specific leg strengthening, and all strength training 
was performed equally on both legs. However, during the six week strength training
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period, these subjects continued with sport specific drills and soeeer scrimmages, which 
may have contributed to the continued bilateral differences.
An explanation for the non-dominant legs producing higher H:Q strength ratios is 
directly related to the nature o f  the subjects’ sport o f soccer. Overall, the non-dominant 
legs had higher H:Q strength ratios, because o f  their role as the stabilizing leg. The non­
dominant leg is the leg that steps and remains stationary as the other leg kicks the ball.
As the body transitions from running to kicking, the non-dominant leg’s major role is to 
decrease the body’s forward momentum. This requires the hip and knee muscles to 
dynamically control deceleration o f  the lower extremity. Primarily, the glutei muscles, 
the quadrieeps, and hamstrings work in a synchronous fashion to sustain this load-bearing 
capacity. ' ̂
The dominant leg is used as the striking leg. When striking the ball, maximal hip 
flexor and knee extensor activity is required to drive the ball with speed. W hen running 
with the ball, these muscles are used to create short, precise movements that maintain the 
ball in close proximity to the athlete. In a single practice or game, these kicking motions 
can be repeated hundreds o f  times. This repetition in the quadriceps activity can then 
lead to both bilateral and funetional imbalances. Therefore, the H:Q ratios were lower in 
the dominant leg than the non-dominant leg.
Evidence to support that increased H:Q ratios are better was published by Orchard 
et a f  who utilized the H:Q ratio to predict hamstring muscle strains with a 77.4% 
success. Thirty-seven professional Australian football players were tested preseason for 
H:Q conventional strength ratios, and then studied prospectively. Six players sustained 
clinically diagnosed hamstring strains, and all six had tested with H;Q ratios below 0.61
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at 60°/s. To date, no known studies have been published that have utilized H:Q ratios to 
predict ACL injuries. However, Che Tin Li et a f  tested recreational athletes with ACL 
deficient knees, and found that as the functional H:Q ratio approached 1.00, the athlete’s 
abilities on a functional scoring scale improved.
Conclusions
In six weeks o f hamstring specific strength training female soccer players were 
capable o f producing significant increases in the functional H;Q strength ratios. This 
supported the hypothesis that there would be a significant difference in H;Q ratios 
between pre and post tests after six weeks o f strength training. By incorporating 
additional hamstring strengthening exercises in resistanee training we increased the 
functional H;Q strength relationship. It is believed that the increased H:Q strength ratios 
may help prevent future ACL sprains and hamstring strains.
Examining the H:Q strength ratio isokinetically at the concentric and eccentric 
speeds o f60, 180 and 240°/s was only a glimpse o f  the many factors involved in ACL 
and hamstring injury. The fact that these subjects pre tested with fairly good (funetional 
>1.00) H:Q strength ratios indicates that this ratio is not the only factor that contributes to 
a high incidenee o f  ACL injuries. Anatomical, environmental, hormonal, and other 
biomeehanieal factors contribute to these problems, and continue to be topics o f further 
studies.'^
W hen possible, preseason assessments should include a baseline evaluation o f  the 
H:Q ratio with strengthening emphasis placed on individuals with improper ratios.^^'^*' 
Definitive goals for the H:Q strength ratios have yet to be set, but should remain
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dependant on angular velocity and muscle actions. Focus must be on obtaining a suitable 
balance between agonist and antagonist musele groups due to a possible increased risk o f 
injury as a result o f  muscular imbalance. In addition to strengthening, development o f 
ACL and hamstring prevention programs needs to incorporate not only muscular 
strengthening, but also stretcbing^’"'’" ’' ‘’’̂ ‘̂ '̂  ̂and plyometric activities.
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UNLV
UNIVERSITY OF NEVADA LAS VEGAS
Biomedical Sciences Institutional Review Board Approval Notice
DATE:
TO:
FROM:
RE:
January 7,2003
Heather J. Lee, Kinesiology  
Dr. William Holcomb (Advisor)
M/S 3034
Dr. Jack Young, Chair
UNLV Biomedical Sciences Institutional Review Board
Status o f  Human Subject Protocol Entitled: Hamstring/Quadriceps 
Strength Ratios in Female Soccer Players: An Analysis and a Strength 
Training Study
OPRS# 504S1102-558 
Approval Date: December 10,2002
This memorandum is official notification that the UNLV Biomedical Sciences 
Institutional Review Board has approved the protocol for the project listed above and 
research on the project may proceed. This approval is effective fi-om the data o f  this 
notification and w ill continue through January 7, 2004, a period o f  one year fi-om the
initial review.
Should the use o f  human subjects described in this protocol continue beyond a one-year 
period fi-om the initial review, it w ill be necessary to request an extension. Should you 
initiate ANY changes to the protocol, it w ill be necessary to request additional approval 
for such change(s) in writing through the Office for the Protection o f  Research Subjects.
If you have questions or require any assistance, please contact the Office for the 
Protection o f  Research Subjects at 895-2794.
Cc: OPRS File
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UNLV
UNIVERSITY OF NEVADA, LAS VEGAS
Sports Injury Research Center
INFORMED CONSENT TO BE A RESEARCH SUBJECT
General Information:
I am Heather J. Lee, ATC, CSCS, from the UNLV Department o f Kinesiology. 1 am the 
principal researcher on this project. You are invited to participate in a research study. 
The study involves hamstring and quadriceps strength testing, and a six week strength 
training program.
Procedure:
I f  you volunteer to participate in this study, you will be asked to do the following:
1. Be present at two practice sessions where we will familiarize you with the isokinetic 
testing procedures, and where we will teach you the strength training exercises.
2. Complete a pre testing session the week before strength training begins.
3. Complete strength training sessions three times a week for six weeks.
4. Complete a post testing session that is identical to the pre testing session the week 
after the strength training commences.
The pre and post testing sessions will include hamstring and quadric eps strength testing 
on a KIN-COM^'^ Dynamometer. You will be seated at 10° reclined, and your hip and 
thigh will be firmly strapped down. Your arms will be folded across your chest to avoid 
additional assistance by pulling upwards on the seat. Your leg will be aligned to the 
dynamometer axis o f rotation, and your lower leg will be attached to the dynamometer 
lever arm. You will be asked to complete eight maximal knee flexion and extension 
repetitions at three different isokinetic speeds. These speeds are 60°, 180°, and 240° per 
second. 90 seconds o f  rest will be given between each different speed trial.
The strength training will include: single leg fitball hamstring curls, single leg isotonic 
hamstring curls, straight leg dead lifts, seat leg press, jumping lunges, and a 20 yard 
resistance run.
Page I of 4 ______________ initials
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UNLV
UNIVERSITY OF NEVADA, LAS VEGAS
Sports Injury Research Center
INFORMED CONSENT TO BE A RESEARCH SUBJECT
Benefits o f Participation:
By participating you will see how your hamstring to quadriceps ratio can change over a 
six week period. You will be able to compare your pre strength values with your post 
strength values.
You will also receive an understanding o f how the increased strength balance between 
the hamstrings and the quadriceps may help protect you from knee injury, primarily, 
anterior cruciate ligament injuries.
Risks o f Participation in:
You may experience delayed onset muscle soreness (DOMS) in the first few weeks o f 
testing. Your hamstrings are going to have increased demands put on them, which may 
result in cellular damage. As your muscles adapt to this new type o f training, this 
soreness will diminish.
You will also have a slight risk o f muscle injury from the increased resistance. I have 
taken precautions to minimize this risk by requiring an adequate warm-up and stretching 
period. The DAPRE (daily adjustable progressive resistive exercise) technique will be 
utilized for determining the amount o f resistance applied to you. This is a sys tematic 
method that calculates the following exercise session’s resistance by the number o f 
repetitions that you are able to correctly complete in your fourth exercise set.
You are encouraged to discuss any questions about this study with me. 1 will explain the 
procedures to you in more detail. All discussions will be kept confidential.
Contact Information:
I f  you have any questions about the study or if  you experience harmful effects as a result 
o f  participation in this study, you may contact me at my office at 895-4052. Or, you may 
contact m y faculty advisor. Dr. William Holcomb, at 895-1015.
For questions regarding the rights o f research subjects, you may contact the UNLV office 
for the protection of research subjects at 895-2794.
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UNLV
UNIVERSITY OF NEVADA, LAS VEGAS
Sports Injury Research Center
INFORMED CONSENT TO BE A RESEARCH SUBJECT
Voluntary Participation:
Your participation in this study is voluntary. You may refuse to participate in this study 
or in any part o f this study. You may withdraw at any time without prejudice to your 
relations with the university. You are encouraged to ask questions about this study at the 
beginning or any time during the research study.
Confidentiality:
It is my intention to report and publish the results o f this study. All personal information 
gathered in this study will be kept eompletely confidential. No reference will be made in 
written or oral material that could link you to this study. All records will be stored in a 
locked facility at UNLV for at least 3 years after completion o f the study.
Page 3 o f 4 ______________ initials
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UNLV
UNIVERSITY OF NEVADA, LAS VEGAS
Sports Injury Research Center
INFORMED CONSENT TO BE A RESEARCH SUBJECT
Participant Consent:
I agree to participate in this research project entitled 
“Hamstring/Quadriceps Strength Ratios in Female Soeeer Players: 
An Analysis and a Strength Training Study.” The study and 
procedures have been explained to me, and any questions have 
been answered to my satisfaction. I understand that I may 
withdraw from the study at any time. I have read the above 
information and give my consent to participate. A copy of this 
form has been given to me. I am at least 18 years of age.
Signature o f Participant Date
Participant Name (Please Print)
1 hereby certify that I have explained the proposed study and its risks and potential 
complications.
Witness Date
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To: Female Division I Soccer Athletes
Re: Hamstring/Quadriceps Strength Ratio Study
1. Hamstring to quadriceps (H:Q) strength ratio has been identified as a 
factor in ACL injuries and/or hamstring strains.
2. ACL injuries (sprains) can occur when the hamstrings are not strong 
enough to pull posteriorly (backwards) on the tibia (low leg).
a. Occurs when the knee is flexed (bent) and then goes to change 
directions
b. Females are at a greater risk than males for ACL injuries
3. Hamstring injuries can occur during fast/powerful movements, or 
during slow/passive movements.
a. Causes: Strength imbalances & lack of flexibility
4. Purpose of this study:
a. To assess the H:Q strength ratio in female collegiate soccer 
players
b. To test the effectiveness of a hamstring specific strength 
program
c. Goal: To work towards a functional strength ratio of 100%
d. Goal: To prevent future ACL and Hamstring injuries
5. Procedures
a. Isokinetically test H:Q strength ratio (Pre Test)
i. Attend 2 practice sessions to familiarize with the 
equipment
ii. Collect actual data on the 3̂  ̂ session
b. Complete 6 week strength program
i. Resistance training 3x/week (Mon, Wed, & Thurs)
c. Isokinetically test H:Q strength ratio (Post Test)
d. E valuate for any sign ificant ch an ges in the H:Q strength ratio
H.Lee Spring ‘03
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Testing Procedures
Subject’s Settings
1. Seat position, platform height and position, dynamometer height and position 
a. Visually align lateral femoral condyle to the axis o f  rotation
2. Secure hip & thigh straps
3. Set emergency stops in place (2)
Begin KIN-COM® Program
4. Select EVALUATION
5. Select NEW PATIENT or Scroll down to an existing patient 
a. For a New Patient
i. Enter in the subject number or name
ii. Push Enter through the remaining data fields
6. Select ACCEPT
7. Confirm patient information
8. Select ACCEPT
Joint Specification
9. Joint: Knee
10. Muscle Group: Flex/Ext
11. Side First: Right or Left
a. Non-Dominant side was tested first
Gravity Compensation
12. Select TURN ON GRAVITY COMPENSATION
13. Follow directions regarding moving lever arm to horizontal
a. Place the lever arm at horizontal WITHOUT the subject’s limb attached
b. Measure horizontal by placing Digital Inclinometer on lever arm (0°)
c. Select ACCEPT
14. W hen joint specification screen appears, select ACCEPT
15. For existing patients- Select NEW  TEST
Evaluation Screen
16. Select ISOKINETIC
17. Select CONTINUOUS
18. Attach subject’s leg to lever arm
a. Enter lever arm length
b. Record lever arm length on data sheet
Anatomical Reference
19. Select a JOINT Position
a. Move the lever arm as close to horizontal as possible
b. Apply pressure on the lower thigh and assist in raising the lever arm
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c. Measure the angle by placing the inclinometer on the lower leg
d. Select ACCEPT
e. Enter Actual JOINT Angle
f. Touch ENTER
20. Move Joint Angle POSITIVE (flex knee)
21. Select ACCEPT
a. “Anatomical reference is not set for KNEE EXT/FLEX”
22. Select ACCEPT
Gravity Compensation
23. Tester should raise lever arm as close to horizontal as possible. Subject’s leg 
should remain relaxed.
a. The current angle will be displayed
24. Select ACCEPT
25. With subject’s leg relaxed, their limb weight will be measured by the computer
26. Select ACCEPT to record limb weight
27. Select ENTER to accept this value
a. “Gravity compensation is now complete”
28. Select ACCEPT
Range o f  Motion
29. Move to STOP ANGLE and press ENTER
a. With tester’s assistance, subject should extend leg to 20°
b. Confirm this angle with the inclinometer
c. Select ENTER
30. Move to START ANGLE
a. W ith tester’s assistance, subject should flex leg to 90°
b. Confirm this angle with the inclinometer
c. Select ENTER
Testing Screen/Change Settings
31. The program now advances to the CONTINUOUS EVALUATION screen
32. Select CHANGE
33. Select SPEED LIMITS
a. Set Speed Forward & Speed Backward
i. 60, 180, and 240°/sec were used for this study
b. Select Types o f Contractions
i. CON/CON or EC C/EC C were used for this smdy
34. Select ESC
35. Select FORCE LIMITS
a. Change Start Forward, Start Backward, and Minimum Force to 10 N
i. Conversion 4.45 N = 1 lb
ii. 10 N = approximately 2 lbs
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
42
b. Subject must apply at least 10 N o f force to start lever arm in motion and keep 
it in motion
c. I f  applied force decreases below 10 N, the lever arm will cease movement
36. Select ESC
37. Select SETS, REPS, & TURNS
a. Set Sets
i. I set was used for this study
b. Set Repetitions
i. 8 repetitions were used for this study
c. Set Acceleration and Deceleration Speeds
i. Medium was used for this study
38. Touch RETURN TO TEST
Begin Data Collection
39. I f  needed give subject a warm-up trial
a. Select WARM-UP
b. The subject should be instructed to perform sub-maximal repetitions
c. Select STOP W ARM -UP when finished
40. Select ACCEPT / Touch START TEST
41. The lever arm will begin to move when the subject applies pressure
42. Count the repetitions with the subject
a. Repetitions are also recorded on the screen
43. W hen reps are completed, touch STOP TEST
a. Start rest period (with a stopwatch)
i. 90 second rest period was used for this study
44. Select YES, to save stored data to a patient file
45. Select CHANGE
46. Select SPEED LIMITS
a. Set Speed to 60, 180, or 240
b. Set Type o f  Contraction: CON/CON or ECC/ECC
c. Touch RETURN TO TEST
47. Subject is now ready to perform next set
a. Begin when the 90 seconds rest period is completed
48. Repeat completion o f  repetitions
49. Complete steps 34-37 until all speeds have been tested
50. Select FINISH SIDE
Switch Dynamometer to Opposite Side
51. Remove lever arm strap from subject’s lower leg
a. CAUTION: Do not let the load cell drop o ff the bottom o f the lever arm
52. Loosen dynamometer lateral rotational lever
53. Step on dynamometer position bar to disengage from a locked position
54. Swing dynamometer to opposite side
a. CAUTION: Make sure leg cuff clears the platform/seat
a. Lock dynamometer in position and tighten lateral rotational lever
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Set KIN-COM® Program for Testing Opposite Side
55. Select SIDE: Change to right or left
56. Select SETUP TEST
57. The program will advance to the Gravity Compensation Screen
58. Repeat steps 13 a, b, c
59. Repeat steps 18-50
60. Select END TEST
61. Touch ESC to exit Continuous Testing
Retrieving Data
For Analyzing 1 Test ONLY
1. Select REPORTS
2. Select CONTINUOUS
3. Scroll down to subject’s number or name
4. Select ACCEPT
5. Select a test date
6. Select ACCEPT
7. Select a test
8. Select ACCEPT
9. Select DISPLAY
10. Select NUMERIC:OFF
a. This will change the tab to NUM ERIC:ON
b. Peak torque, time to peak, and repetition number o f peak is displayed
To Examine Individual Repetitions
11. Select ZOOM
12. Select DEC. WIDTH (-)
13. Scroll Right or Left to highlight the desired repetitions
14. Select ACCEPT
15. Select MARKERS
16. Select SET VALUE
a. Scroll to desired position in the repetition
17. Record absolute torque value and angle value
a. Knee extension values were shown as positive values
b. Knee flexion values were shown as negative values
c. All were reported as absolute values for peak torque
18. Touch ESC
a. Goes back to the peak torque screen
19. Touch ESC
a. Goes back to the Continuous Reports screen
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20. Touch ESC
a. Goes back to the Reports screen 
2L  Touch ESC
a. Goes back to the KIN-COM  beginning program screen
To Compare 2 Tests
1. Select REPORTS
2. Select CONTINUOUS
3. Scroll down to subject number or name
4. Select ACCEPT
5. Select a test date
6. Select ACCEPT
7. Select a test
8. Select ACCEPT
9. Select ADD TEST
10. Select a second test
11. Select ACCEPT
12. Select DISPLAY
13. Record Statistics
14. Select ESC
a. Goes back to Continuous Reports
15. Option o f  removing one test and replaeing it with another test for further 
comparisons
a. Select REMOVE TEST
b. Select a test to remove
c. Select ADD TEST
d. Select a test
e. Select ACCEPT
f. Select DISPLAY
g. Record Statistics
16. ESC to the beginning program screens
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Monday Tuesday
Typical Training Week
W ednesday Thursday Friday
SAQ
UB Weights
LB Weights 
Distance/Conditioning
O ff SAQ
UB Weights
LB Weights 
Distance/Conditioning
*SAQ = Speed, Agility, Quickness 
**UB = Upper Body, LB = Lower Body
Two Typieal Lower Body Weight Workouts
Workout 1
Exercise Sets X Repetitions
Hang Clean Pull 2 x 5
Hang Clean High Pulls 2 x 5
Hang Clean 4 x 4
Front Squats 5 x 6
Straight Leg Dead Lifts 3 x 6
Single Leg Leg Curls 3 x 8
Calf Raises 3 x 1 5
Hyperextensions (1 leg out) 2 x 1 2
Stretch (5 min)
Workout 2
Exercise Sets X Repetitions
Dumbbell Clean & Press 3 x 6
Squats 5x6- 10*
Barbell Eunges (each leg) 3 x 8
Eeg Curls 3 x 1 0
Good Mornings 3 x 8
Calf Raises 3 x 1 5
Hyperextensions with 101b weight 3 x 1 5
Stretch (5 min)
Repetitions decrease as weight increases
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1. Single Leg Leg Curls 2. Straight Leg Dead Lifts
A
3. Good Mornings 4. Hyperextensions -  Double Leg
5. Hyperextensions -  Single Leg 6. Resisted Sled Walking
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Fit Ball Exercises
1. Fit Ball Leg Curls -  Starting Positiuii 2. Fit Ball Leg Curls -  Ending Position
3. Triple Threat -  Hip Extension 4. Triple Threat -  Leg Curl
5. Triple Threat -  Hip Extension + Leg Curl
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SUBJECT PEAK TORQUE DATA, H:Q STRENGTH RATIOS, 
AND PERCENT CHANGE
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Peak Torque Data, H/Q Strength Ratios, and Percent Change: Concentric Values and 
Conventional Ratios
SUBJECT
240
H Q Ratio
Change 180
H Q Ratio
Change 60
H Q Ratio
Change
1 Non-Dom
pre
post
Dom
pre
post
176
197
161
198
142
146
182
161
1.24
1.35
0.88
1.23
9%
39%
129
208
134
192
132
175
205
189
0.98
1.19
0.65
1.02
22%
55%
156
221
130
196
226
268
232
241
0.69
0.82
0.56
0.81
19%
45%
2 Dom
pre
post
108
94
170
120
0.64
0.78 23%
93
82
101
140
0.92
0.59 -36%
99
80
125
179
0.79
0.45 -44%
Non-Dom
pre
post
146
163
140
123
1.04
1.33 27%
130
152
138
136
0.94
1.12 19%
124
143
149
167
0.83
0.86 3%
3 Non-Dom
pre
post
120
111
153
125
0.78
0.89 13%
105
148
136
148
0.77
1.00 30%
141
153
162
180
0.87
0.85 -2%
Dom
pre
post
85
102
137
126
0.62
0.81 30%
88
120
142
146
0.62
0.82 33%
93
126
150
149
0.62
0.85 36%
4 Non-Dom
pre
post
162
172
169
187
0.96
0.92 -4%
179
179
153
215
1.17
0.83 -29%
174
150
184
186
0.95
0.81 -15%
Dom
pre
post
138
162
155
196
0.89
0.83 -7%
138
148
204
179
0.68
0.83 22%
124
138
148
148
0.84
0.93 11%
5 Non-Dom
pre
post
142
151
133
159
1.07
0.95 -11%
143
172
158
202
0.91
0.85 -6%
156
210
227
242
0.69
0.87 26%
Dom
pre
post
124
140
192
211
0.65
0.66 3%
114
142
208
239
0.55
0.59 8%
119
288
257
280
0.46
1.03 122%
O
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SUBJECT
240
H Q Ratio
Ctiange 180
H Q Ratio
Change 60
H Q Ratio
Change
6 Non-Dom
pre
post
Dom
pre
post
161
185
158
168
160
162
159
184
1.01
1.14
0.99
0.91
13%
-8%
149
217
186
168
173
185
162
163
0.86
1.17
1.15
1.03
36%
-10%
156
177
128
156
179
158
171
170
0.87
1.12
0.75
0.92
29%
23%
7 Non-Dom
pre
post
167
179
142
145
1.18
1.23 5%
176
204
167
161
1.05
1.27 20%
208
214
224
247
0.93
0.87 -7%
Dom
pre
post
149
195
160
190
0.93
1.03 10%
142
199
191
261
0.74
0.76 3%
151
198
260
241
0.58
0.82 41%
8 Non-Dom
pre
post
88
71
104
139
0.85
0.51 -40%
96
91
113
142
0.85
0.64 -25%
123
80
179
155
0.69
0.52 -25%
Dom
pre
post
88
62
91
111
0.97
0.56 -42%
68
74
125
126
0.54
0.59 8%
80
65
158
141
0.51
0.46 -9%
9 Non-Dom
pre
post
59
117
123
126
0.48
0.93 94%
74
146
142
145
0.52
1.01 93%
202
190
193
206
1.05
0.92 -12%
Dom
pre
post
84
128
119
162
0.71
0.79 12%
86
129
155
195
0.55
0.66 19%
110
125
189
241
0.58
0.52 -11%
10 Non-Dom
pre
post
170
195
159
144
1.07
1.35 27%
129
147
154
147
0.84
1.00 19%
166
202
147
208
1.13
0.97 -14%
Dom
pre
post
124
144
127
135
0.98
1.07 9%
102
143
143
160
0.71
0.89 25%
105
162
173
213
0.61
0.76 25%
7)
CD■D
O
Q .
C
g
Q .
■D
CD
C/)(/)
CD
8
CD
3.
3"
CD
CD■D
O
Q .
C
a
O
3
■D
O
CD
Q .
Peak Torque Data, H/Q Strength Ratios, and Percent Change: Concentric Values and 
Conventional Ratios
240 Change 180 Change 60 Change
SUBJECT H Q Ratio H Q Ratio H Q Ratio
11 Non-Dom
pre 104 140 0.74 121 154 0.79 118 168 0.70
post 145 169 0.86 15% 140 171 0.82 4% 117 164 0.71 2%
Dom
pre 111 146 0.76 116 151 0.77 84 120 0.70
post 141 153 0.92 21% 140 146 0.96 25% 117 175 0.67 -4%
12 Non-Dom
pre 176 169 1.04 141 170 0.83 184 184 1.00
post 108 147 0.73 -29% 113 169 0.67 -19% 109 146 0.75 -25%
Dom
pre 142 124 1.15 112 125 0.90 87 135 0.64
post 135 141 0.96 -16% 144 137 1.05 17% 121 140 0.86 34%
Avg Total Change 
Standard Error
8%
0.057
14%
0.057
10%
0.068
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Peak Torque Data, H/Q Strength Ratios, and Percent Change: Eccentric Values
SUBJECT
240
H Q Ratio
Change 180
H Q Ratio
Change 60
H Q Ratio
Change
1 Non-Dom
pre
post
Dom
pre
post
224
303
203
274
416
315
426
406
0.54
0.96
0.48
0.67
79%
42%
212
311
186
265
385
353
378
350
0.55
0.88
0.49
0.76
60%
54%
172
251
140
206
288
216
300
328
0.60
1.16
0.47
0.63
95%
35%
2 Dom
pre
post
147
165
185
212
0.79
0.78 -2%
135
130
142
182
0.95
0.71 -25%
89
88
106
124
0.84
0.71 -15%
Non-Dom
pre
post
128
213
145
158
0.88
1.35 53%
161
174
148
143
1.09
1.22 12%
131
179
95
148
1.38
1.21 -12%
3 Non-Dom
pre
post
170
173
189
233
0.90
0.74 -17%
158
194
191
241
0.83
0.80 -3%
111
144
144
196
0.77
0.73 -5%
Dom
pre
post
132
160
198
219
0.67
0.73 10%
140
177
195
242
0.72
0.73 2%
119
143
134
186
0.89
0.77 -13%
4 Non-Dom
pre
post
140
188
225
193
0.62
0.97 57%
154
162
216
196
0.71
0.83 16%
122
155
161
182
0.76
0.85 12%
Dom
pre
post
177
155
209
217
0.85
0.71 -16%
152
177
220
166
0.69
1.07 54%
126
135
169
137
0.75
0.99 32%
5 Non-Dom
pre
post
211
255
215
271
0.98
0.94 -4%
244
245
249
234
0.98
1.05 7%
185
204
184
175
1.01
1.17 16%
Dom
pre
post
185
207
338
259
0.55
0.80 46%
233
189
273
305
0.85
0.62 -27%
132
143
226
223
0.58
0.64 10%
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SUBJECT
240
H Q Ratio
Change 180
H Q Ratio
Change 60
H Q Ratio
Change
6 Non-Dom
pre
post
Dom
pre
post
198
226
201
235
219
206
210
241
0.90
1.10
0.96
0.98
21%
2%
164
213
196
217
180
185
230
240
0.91
1.15
0.85
0.90
26%
6%
137
184
157
179
118
136
166
175
1.16
1.35
0.95
1.02
17%
8%
7 Non-Dom
pre
post
227
285
240
293
0.95
0.97 3%
223
260
255
253
0.87
1.03 18%
182
205
141
195
1.29
1.05 -19%
Dom
pre
post
252
219
327
273
0.77
0.80 4%
199
230
305
278
0.65
0.83 27%
166
177
215
221
0.77
0.80 4%
8 Non-Dom
pre
post
158
122
293
246
0.54
0.50 -8%
168
181
272
266
0.62
0.68 10%
144
94
230
216
0.63
0.44 -30%
Dom
pre
post
107
100
230
249
0.47
0.40 -14%
106
96
202
219
0.52
0.44 -16%
90
71
175
195
0.51
0.36 -29%
9 Non-Dom
pre
post
139
262
235
252
0.59
1.04 76%
125
254
239
244
0.52
1.04 99%
100
218
194
165
0.52
1.32 156%
Dom
pre
post
142
171
261
348
0.54
0.49 -10%
138
165
232
300
0.59
0.55 -8%
108
140
183
267
0.59
0.52 -11%
10 Non-Dom
pre
post
191
219
165
229
1.16
0.96 -17%
176
224
156
227
1.13
0.99 -13%
134
158
90
103
1.49
1.53 3%
Dom
pre
post
145
214
227
301
0.64
0.71 11%
132
193
196
256
0.67
0.75 12%
114
156
140
159
0.81
0.98 20%
Ui
7J
CD
■ D
OQ.
C
8Q.
■D
CD
(/)(/)
CD
8
p.
3"
CD
CD■D
OQ.
C
a
o3
" O
o
CDQ.
■D
CD
C/)(/)
Peak Torque Data, H/Q Strength Ratios, and Percent Change: Eccentric Values
240 Change 180 Change 60 Change
SUBJECT H Q Ratio H Q Ratio H Q Ratio
11 Non-Dom
pre 153 141 1.09 145 125 1.16 103 84 1.23
post 160 223 0.72 -34% 131 136 0.96 -17% 114 108 1.06 -14%
Dom
pre 123 147 0.84 104 121 0.86 92 74 1.24
post 178 170 1.05 25% 148 151 0.98 14% 131 110 1.19 -4%
12 Non-Dom
pre 107 85 1.26 103 123 0.84 75 91 0.82
post 102 146 0.70 -45% 120 122 0.98 17% 106 93 1.14 38%
Dom
pre 100 96 1.04 106 83 1.28 43 63 0.68
post 121 164 0.74 -29% 108 114 0.95 -26% 81 89 0.91 33%
Avg Total Change 10% 12% 14%
Standard Error 0.069 0.062 0.083
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Functional Ratios (Ecc H / Con Q) and Percent Change
SUBJECT 240 Ctiange 180 Ctiange 60 Ctiange
1 Non-Dom
pre
post
Dom
pre
post
1.58
2.08
1.12
1.70
32%
53%
1.61
1.78
0.91
1.40
11%
55%
0.76
0.94
0.60
0.85
23%
42%
2 Dom
pre
post
0.86
1.38 59%
1.34
0.93 -31%
0.71
0.49 -31%
Non-Dom
pre
post
0.91
1.73 89%
1.17
1.28 10%
0.88
1.07 22%
3 Non-Dom
pre
post
1.11
1.38 25%
1.16
1.31 13%
0.69
0.80 17%
Dom
pre
post
0.96
1.27 32%
0.99
1.21 23%
0.79
0.96 21%
4 Non-Dom
pre
post
0.83
1.01 21%
1.01
0.75 -25%
0.66
0.83 26%
Dom
pre
post
1.14
0.79 -31%
0.75
0.99 33%
0.85
0.91 7%
5 Non-Dom
pre
post
1.59
1.60 1%
1.54
1.21 -21%
0.81
0.84 3%
Dom
pre
post
0.96
0.98 2%
1.12
0.79 -29%
0.51
0.51 -1%
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SUBJECT 240 Change 180 Change 60 Change
6 Non-Dom
pre
post
Dom
pre
post
1.24
1.40
1.26
1.28
13%
1%
0.95
1.15
1.21
1.33
21%
10%
0.77
1.16
0.92
1.05
52%
15%
7 Non-Dom
pre
post
1.60
1.97 23%
1.34
1.61 21%
0.81
0.83 2%
Dom
pre
post
1.58
1.15 -27%
1.04
0.88 -15%
0.64
0.73 15%
8 Non-Dom
pre
post
1.52
0.88 -42%
1.49
1.27 -14%
0.80
0.61 -25%
Dom
pre
post
1.18
0.90 -23%
0.85
0.76 -10%
0.57
0.50 -12%
9 Non-Dom
pre
post
1.13
2.08 84%
0.88
1.75 99%
0.52
1.06 104%
Dom
pre
post
1.19
1.06 -12%
0.89
0.85 -5%
0.57
0.58 2%
10 Non-Dom
pre
post
1.20
1.52 27%
1.14
1.52 33%
0.91
0.76 -17%
Dom
pre
post
1.14
1.59 39%
0.92
1.21 31%
0.66
0.73 11%
LA
■o
I
I
%
(/)CO
o'3
8
CO Functional Ratios (Ecc H I  Con Q) and Percent Change
3
CD
Cp.
CD■o
OQ.Ca
o
3
■o
o
CDQ.
O
C
■o
CD
CO
CO
o'
3
SUBJECT 240 Change 180 Change 60 Change
11 Non-Dom
pre 1.09 0.94 0.61
post 0.95 -13% 0.77 -19% 0.70 13%
Dom
pre 0.84 0.69 0.77
post 1.16 38% 1.01 47% 0.75 -2%
12 Non-Dom
pre 0.63 0.61 0.41
post 0.69 10% 0.71 17% 0.73 78%
Dom
pre 0.81 0.85 0.32
post 0.86 6% 0.79 -7% 0.58 82%
Avg Total Change 17% 10% 19%
Standard Error 0.069 0.063 0.067
LA00
APPENDIX V
SPSS OUTPUT
59
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Concentric Results
60
Within-Subjects Factors
Measure: MEASURE 1
LEG TEST SPEED
Dependent
Variable
1 1 1 NPRE240
2 NPRE180
3 NPRE60
2 1 NPOST240
2 NPOST180
3 NPOST60
2 1 1 DPRE240
2 DPRE180
3 DPRE60
2 1 DPOST240
2 DPOST180
3 DPOST60
Descriptive Statistics
Mean Std. Deviation N
Non-Pre 240 95.5000 21.09071 12
Non-Pre 180 87.5833 16.02531 12
Non-Pre 60 86.6667 15.20965 12
Non-Post 240 101.5833 26.66103 12
Non-Post 180 96.4167 20.43374 12
Non-Post 60 83.9167 14.54434 12
Dom-Pre 240 84.7500 16.90683 12
Dom-Pre 180 73.1667 18.22502 12
Dom-Pre 60 63.6667 11.37248 12
Dom-Post 240 87.9167 18.24808 12
Dom-Post 180 81.5833 17.81959 12
Dom-Post 60 75.6667 19.14696 12
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
61
Tests of Within-Subjects Effects
Measure: MEASURE 1
Source
Type III Sum 
of Squares df
Mean
Square F Sig.
LEG 7210.840 1 7210.840 16.081 .002
Error(LEG) 4932.410 11 448.401
TEST 1278.063 1 1278.063 2.909 .116
Error(TEST) 4833.521 11 439.411
SPEED 5372.389 2 2686.194 10.483 .001
Error(SPEED) 5637.444 22 256.247
LEG ‘  TEST 130.340 1 130.340 .420 .530
Error(LEG*TEST) 3411.576 11 310.143
LEG * SPEED 74.056 2 37.028 .177 .839
Error(LEG*SPEED) 4612.444 22 209.657
TEST * SPEED 128.000 2 64.000 .328 .723
Error(TEST*SPEED) 4286.167 22 194.826
LEG * TEST * SPEED 548.389 2 274.194 3.673 .042
Error(LEG*TEST*SPEED) 1642.444 22 74.657
Estimated Marginal Means
1. LEG
Estimates
Measure: MEASURE 1
95% Confidence Interval
LEG Mean Std. Error Lower Bound Upper Bound
1 91.944 3.786 83.612 100.277
2 77.792 3.302 70.524 85.059
Measure: MEASURE 1
Pairwise Comparisons
(1) LEG (J) LEG
Mean
Difference
(l-J) Std. Error Sig."
1 2 14.153* 3.529 .002
2 1 -14.153* 3.529 .002
Based on estimated marginal means
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Pairwise Comparisons
Measure; MEASURE 1
(!) LEG (J) LEG
95% Confidence Interval for 
Difference®
Lower Bound Upper Bound
1 2 6.385 21.921
2 1 -21.921 -6.385
Based on estimated marginal means
*. The mean difference is significant at the .05 level.
a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no 
adjustments).
2. TEST
Estimates
Measure: MEASURE 1
95% Confidence Interval
TEST Mean Std. Error Lower Bound Upper Bound
1 81.889 2.905 75.496 88.282
2 87.847 4.083 78.860 96.835
Measure: MEASURE 1
Pairwise Comparisons
(1) TEST (J) TEST
Mean
Difference
(l-J) Std. Error Sig.®
1 2 -5.958 3.494 .116
2 1 5.958 3.494 .116
Based on estimated marginal means
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Pairwise Comparisons
Measure: MEASURE 1
(1) TEST (J) TEST
95% Confidence Interval for 
Difference®
Lower Bound Upper Bound
1 2 -13.648 1.731
2 1 -1.731 13.648
Based on estimated marginal means
a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no 
adjustments).
3. SPEED
Measure: MEASURE 1
Estimates
95% Confidence Interval
SPEED Mean Std. Error Lower Bound Upper Bound
1 92.438 4.443 82.660 102.215
2 84.687 3.373 77.263 92.112
3 77.479 2.842 71.225 83.734
Measure: MEASURE 1
Pairwise Comparisons
(!) SPEED (J) SPEED
Mean
Difference
(l-J) Std. Error Sig.®
1 2 7.750* 2.682 .015
3 14.958* 4.097 .004
2 1 -7.750* 2.682 .015
3 7.208* 2.838 .027
3 1 -14.958* 4.097 .004
2 -7.208* 2.838 .027
Based on estimated marginal means
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Pairwise Comparisons
Measure: MEASURE 1
(1) SPEED (J) SPEED
95% Confidence Interval for 
Difference®
Lower Bound Upper Bound
1 2 1.847 13.653
3 5.941 23.976
2 1 -13.653 -1.847
3 .962 13.454
3 1 -23.976 -5.941
2 -13.454 -.962
Based on estimated marginal means
*. The mean difference is significant at the .05 level.
a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no 
adjustments).
4. LEG * TEST * SPEED
Measure: MEASURE 1
95% Confidence Interval
LEG TEST SPEED Mean Std. Error Lower Bound Upper Bound
1 1 1 95.500 6.088 82.100 108.900
2 87.583 4.626 77.401 97.765
3 86.667 4.391 77.003 96.330
2 1 101.583 7.696 84.644 118.523
2 96.417 5.899 83.434 109.400
3 83.917 4.199 74.676 93.158
2 1 1 84.750 4.881 74.008 95.492
2 73.167 5.261 61.587 84.746
3 63.667 3.283 56.441 70.892
2 1 87.917 5.268 76.322 99.511
2 81.583 5.144 70.261 92.905
3 75.667 5.527 63.501 87.832
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Wfthin-Subjects Factors
Measure: MEASURE 1
LEG TEST SPEED
Dependent
Variable
1 1 1 NPRE240
2 NPRE180
3 NPRE60
2 1 NPOST240
2 NPOST180
3 NPOST60
2 1 1 DPRE240
2 DPRE180
3 DPRE60
2 1 DPOST240
2 DPOST180
3 DPOST60
Descriptive Statistics
Mean Std. Deviation N
Non-Pre 240 86.7500 24.56207 12
Non-Pre 180 85.0833 21.84432 12
Non-Pre 60 97.1667 33.13563 12
Non-Post 240 91.2500 22.09124 12
Non-Post 180 96.7500 15.10644 12
Non-Post 60 108.4167 29.45091 12
Dom-Pre 240 71.6667 18.80200 12
Dom-Pre 180 76.0000 21.71719 12
Dom-Pre 60 75.6667 21.46173 12
Dom-Post 240 73.8333 17.77042 12
Dom-Post 180 77.4167 18.39693 12
Dom-Post 60 79.3333 23.66560 12
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Tests of Within-Subjects Effects
Measure: MEASURE 1
Source
Type III Sum 
of Squares df
Mean
Square F Sig.
LEG 12432.250 1 12432.250 15.427 .002
Error(LEG) 8864.583 11 805.871
TEST 1201.778 1 1201.778 2.138 .172
Error(TEST) 6182.056 11 562.005
SPEED 2155.014 2 1077.507 5.789 .010
Error(SPEED) 4094.986 22 186.136
LEG * TEST 406.694 1 406.694 .855 .375
Error(LEG*TEST) 5234.806 11 475.891
LEG * SPEED 835.042 2 417.521 3.697 .041
Error(LEG*SPEED) 2484.625 22 112.937
TEST * SPEED 112.597 2 56.299 .282 .757
Error(TEST*SPEED) 4399.069 22 199.958
LEG * TEST * SPEED 97.347 2 48.674 .343 .713
Error(LEG*TEST*SPEED) 3118.653 22 141.757
Estimated Marginal Means
1. LEG
Estimates
Measure: MEASURE 1
95% Confidence Interval
LEG Mean Std. Error Lower Bound Upper Bound
1 94.236 5.501 82.129 106.343
2 75.653 4.950 64.758 86.547
Measure: MEASURE 1
Pairwise Comparisons
(1) LEG (J) LEG
Mean
Difference
(l-J) Std. Error Sig.®
1 2 18.583* 4.731 .002
2 1 -18.583* 4.731 .002
B ased  on estim ated  marginal m eans
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Pairwise Comparisons
Measure: MEASURE 1
(1) LEG (J) LEG
95% Confidence Interval for 
Difference®
Lower Bound Upper Bound
1 2 8.170 28.997
2 1 -28.997 -8.170
Based on estimated marginal means
*. The mean difference is significant at the .05 level.
a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no 
adjustments).
2. TEST
Measure: MEASURE 1
Estimates
95% Confidence Interval
TEST Mean Std. Error Lower Bound Upper Bound
1 82.056 5.556 69.827 94.284
2 87.833 4.528 77.867 97.799
Measure: MEASURE 1
Pairwise Comparisons
(1) TEST (J) TEST
Mean
Difference
(l-J) Std. Error Sig.®
1 2 -5.778 3.951 .172
2 1 5.778 3.951 .172
Based on estimated marginal means
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Pairwise Comparisons
Measure: MEASURE 1
(1) TEST (J) TEST
95% Confidence Interval for 
Difference®
Lower Bound Upper Bound
1 2 -14.474 2.919
2 1 -2.919 14.474
Based on estimated marginal means
a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no 
adjustments).
3. SPEED
Measure: MEASURE 1
Estimates
95% Confidence Interval
SPEED Mean Std. Error Lower Bound Upper Bound
1 80.875 4.288 71.438 90.312
2 83.813 4.159 74.660 92.965
3 90.146 6.118 76.681 103.611
Measure: MEASURE 1
Pairwise Comparisons
(1) SPEED (J) SPEED
Mean
Difference
(l-J) Std. Error Siq.®
1 2 -2.938* 1.116 .023
3 -9.271* 3.082 .012
2 1 2.938* 1.116 .023
3 -6.333 3.539 .101
3 1 9.271* 3.082 .012
2 6.333 3.539 .101
Based on estimated marginal means
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Pairwise Comparisons
Measure: MEASURE 1
(1) SPEED (J) SPEED
95% Confidence Interval for 
Difference®
Lower Bound Upper Bound
1 2 -5.393 -.482
3 -16.054 -2.488
2 1 .482 5.393
3 -14.123 1.456
3 1 2.488 16.054
2 -1.456 14.123
Based on estimated marginal means
*. The mean difference is significant at the .05 level.
a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no 
adjustments).
4. LEG * SPEED
Measure: MEASURE 1
LEG SPEED Mean Std. Error
95% Confidence Interval
Lower Bound Upper Bound
1 1 89.000 4.653 78.759 99.241
2 90.917 4.632 80.722 101.111
3 102.792 7.779 85.670 119.913
2 1 72.750 4.784 62.220 83.280
2 76.708 4.932 65.854 87.563
3 77.500 6.194 63.866 91.134
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Within-Subjects Factors
Measure: MEASURE 1
LEG TEST SPEED
Dependent
Variable
1 1 1 NPRE240
2 NPRE180
3 NPRE60
2 1 NPOST240
2 NPOST180
3 NPOST60
2 1 1 DPRE240
2 DPRE180
3 DPRE60
2 1 DPOST240
2 DPOST180
3 DPOST60
Descriptive Statistics
Mean Std. Deviation N
Non-Pre 240 120.2500 32.07130 12
Non-Pre 180 115.3333 29.90997 12
Non-Pre 60 71.9167 14.80453 12
Non-Post 240 144.0833 47.88710 12
Non-Post 180 125.9167 37.18372 12
Non-Post 60 86.0833 16.54997 12
Dom-Pre 240 108.6667 21.75205 12
Dom-Pre 180 96.3333 18.82616 12
Dom-Pre 60 65.9167 16.33434 12
Dom-Post 240 117.6667 28.36558 12
Dom-Post 180 101.2500 22.21844 12
Dom-Post 60 72.0000 19.19280 12
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
71
Tests of Within-Subjects Effects
Measure: MEASURE 1
Source
Type III 
Sum of 
Squares df
Mean
Square F Sig.
LEG 10353.062 1 10353.062 8.710 .013
Error(LEG) 13075.021 11 1188.638
TEST 4703.674 1 4703.674 4.917 .049
Error(TEST) 10523.076 11 956.643
SPEED 61039.431 2 30519.715 49.980 .00000001
Error(SPEED) 13434.069 22 610.640
LEG * TEST 817.007 1 817.007 1.086 .320
Error(LEG*TEST) 8272.410 11 752.037
LEG * SPEED 909.292 2 454.646 1.923 .170
Error(LEG*SPEED) 5200.875 22 236.403
TEST * SPEED 481.347 2 240.674 .700 .507
Error(TEST*SPEED) 7566.153 22 343.916
LEG ‘  TEST * SPEED 135.431 2 67.715 .416 .665
Error(LEG*TEST*SPEED) 3581.403 22 162.791
Estimated Marginal Means
1. LEG
Estimates
Measure: MEASURE 1
95% Confidence Interval
LEG Mean Std. Error Lower Bound Upper Bound
1 110.597 6.761 95.716 125.478
2 93.639 3.989 84.859 102.419
Measure: MEASURE 1
Pairwise Comparisons
(1) LEG (J) LEG
Mean
Difference
(l-J) Std. Error Sig.®
1 2 16.958* 5.746 .013
2 1 -16.958* 5.746 .013
Based on estimated marginal means
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Pairwise Comparisons
Measure: MEASURE 1
(1) LEG (J) LEG
95% Confidence Interval for 
Difference®
Lower Bound Upper Bound
1 2 4.311 29.605
2 1 -29.605 -4.311
Based on estimated marginal means
*. The mean difference is significant at the .05 level.
a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no 
adjustments).
2. TEST
Estimates
Measure: MEASURE 1
95% Confidence Interval
TEST Mean Std. Error Lower Bound Upper Bound
1 96.403 4.463 86.579 106.227
2 107.833 6.203 94.180 121.486
Measure: MEASURE 1
Pairwise Comparisons
(l)TEST (J)TEST
Mean
Difference
(l-J) Std. Error Sig.®
1 2 -11.431* 5.155 .049
2 1 11.431* 5.155 .049
Based on estimated marginal means
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Pairwise Comparisons
Measure: MEASURE 1
(1) TEST (J) TEST
95% Confidence Interval for 
Difference®
Lower Bound Upper Bound
1 2 -22.777 -8.461 E-02
2 1 8.461 E-02 22.777
Based on estimated marginal means
*. The mean difference is significant at the .05 level.
a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no 
adjustments).
3. SPEED
Estimates
Measure: MEASURE 1
95% Confidence Interval
SPEED Mean Std. Error Lower Bound Upper Bound
1 122.667 7.242 106.727 138.606
2 109.708 5.430 97.757 121.660
3 73.979 3.344 66.619 81.339
Measure: MEASURE 1
Pairwise Comparisons
(1) SPEED (J) SPEED
Mean
Difference
(l-J) Std. Error Sig.®
1 2 12.958* 3.135 .002
3 48.688* 6.555 .000
2 1 -12.958* 3.135 .002
3 35.729* 4.851 .000
3 1 -48.688* 6.555 .000
2 -35.729* 4.851 .000
Based on estimated marginal means
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Pairwise Comparisons
Measure: MEASURE 1
(1) SPEED (J) SPEED
95% Confidence Interval for 
Difference®
Lower Bound Upper Bound
1 2 6.057 19.859
3 34.260 63.115
2 1 -19.859 -6.057
3 25.053 46.405
3 1 -63.115 -34.260
2 -46.405 -25.053
Based on estimated marginal means
*. The mean difference is significant at the .05 level.
a. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no 
adjustments).
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